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MONOECOCESTUS
THOMASISP. N. (CESTODA:
FROMTHENORTHERNFLYINGSQUIRREL,
ANOPLOCEPHALIDAE)
GLAUCOMYSSABRINUS(SHAW), IN OREGON
R. L. Rausch* and C. Masert
ABSTRACT: Monoecocestus thomasi sp. n. (Cestoda: Anoplocephalidae), from the northern flying

squirrel, Glaucomys sabrinus (Shaw), in Oregon, is described and distinguished from its congeners.
Monoecocestus thomasi is the sixth species of Monoecocestusto be described from nearctic rodents, and
the first from a member of the family Sciuridae. Our comparisons of taxonomic characters of the
nominal species of Monoecocestus in North American rodents have shown that M. giganticus Buhler
1970 is a synonym of M. americanus (Stiles 1895), both from the porcupine, Erethizon dorsatum
(Linnaeus). Insemination in Monoecocestus spp. is discussed, with the conclusion that it takes place
only by way of the vagina in early immature segments.
Helminths obtained from northern flying
squirrels, Glaucomys sabrinus (Shaw), collected by one of us (C. M.) in Oregon, included cestodes of three species. The most
common of these, found in G. sabrinus bangsi
(Rhoads) in the Blue and Wallowa Mountains,
represents an undescribed species of Monoecocestus Beddard 1914. This is the sixth species
of Monoecocestus from Nearctic mammals and
the first to be recorded from a rodent of the
family Sciuridae. In this paper also, the taxonomic status of M. giganticus Buhler 1970
is considered, and insemination in cestodes of
the genus Monoecocestus is discussed.
MATERIALSAND METHODS
The species described herein was represented
by 27 specimens. After removal from the host, the
cestodes were relaxed in water and fixed by immersion in a hot solution of 10% formalin. The
following description was based on nine strobilae
stained in acetic carmine or acid hematoxylin,
processed by standard methods, and mounted
permanently. The tegument and underlying layers
of muscle fibers were removed from the anterior
portions of selected strobilae for study of the internal organs, and transverse sections were cut at
different levels of two strobilae. Eggs measured
were obtained from gravid segments preserved in
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10% formalin, and stained in an aqueous solution
of Rose Bengal. Unless otherwise stated, all
measurementsare in micrometers.
Monoecocestus thomasi sp. n.
(Figs. 1-5)
Description: Strobila 72 to 137 mm long, with
119 to 161 segments (avg. 136); maximum width
4 to 5 mm, attained in post-mature segments.
Strobila thick and muscular, widening abruptly
anteriorly, with slightly serrate margins. All segments wider than long, with length/width ratio
increasingposteriad. Length/width ratio of mature
segments 1:5 to 1:6; of terminal gravid segments
about 1:2. Relatively small scolex 510 to 570 wide
(avg. 531), not wider than first segments. Suckers
200 to 220 in greater diameter. Neck short or
lacking. Genital pores regularly alternating (rarely
unilateral in two successive segments), situated
just anterior to middle of segmental margin in
mature segments; slightly posterior to middle in
gravid segments. Genital ducts passing dorsally
across longitudinal excretorycanals. Ventral canals
30 to 128 in diameter, connected across posterior
margin of segment by transverse canal 48 to 98
in diameter; dorsal canals 25 to 64 in diameter,
lateral to ventral canals. Anlagen of ovary and
cirrus sac visible in first immature segments.
Genital pore not patent in early immature segments; appearance of external opening coincident
with insemination. Genital atrium 240 to 300 deep
and 90 to 200 in diameter; in mature and postmature segments, partially or entirely obliterated
by protrusion of cirrus sac laterad. Cirrus sac
thick-walled, fully developed in late mature segments, extending slightly anteromediad and usually overlapping dorsal excretory canal; 520 to
630 long by 180 to 230 in maximum diameter in
late mature segments (avg. 585 by 218), and attaining length of about 700 in post-mature segments. Maximum diameter of cirrus sac corresponding to position of internal seminal vesicle.
Internal seminal vesicle nearly globular in late
mature segments, 110 to 170 long by 150 to 160
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Monoecocestus thomasi sp. n. 1. Scolex. 2. Details of genital organs in early mature
FIGURES 1-5.
segment, ventral view. Inset shows portion of segment portrayed. 3. Gravid segment. 4. Paired eggs,
gravid segments. 5. Details of egg, terminal gravid segment.
Monoecocestus americanus. Dorsal view of 9th and 10th segments of a strobila 5.8
FIGURE 6.
mm long with 19 segments, showing changes in the genital atrium. The genital pore was patent in
the next (llth) segment and insemination had occurred. Abbreviations: A-genital atrium; V-vagina;
of ovary.
SR-seminal
receptacle; 0-primordium
in diameter. Cirrus spinose (spines may be lost
from extruded organ), 430 to 470 long when extended; base of cirrus inflated, 70 to 80 in diameter, and 32 to 41 in diameter at distal end. External seminal vesicle undeveloped in immature

In early mature segments, external
segments.
seminal vesicle consisting of convoluted tube attaining diameter of 90 to 130, extending mediad
from proximal end of cirrus sac; maximum size
attained in post-mature segments. Subspherical
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testes about 130 per segment, 53 to 73 in greater
diameter (avg. 65) in late mature segments, uniformly distributed dorsally across segment near
posterior margin, overlapping posterior margins of
ovary and vitelline gland, and not reaching ventral
longitudinal excretory canals. Vagina first visible
in early immature segments as cord-like aggregation of cells extending mediad from genital
atrium to primordium of seminal receptacle. At
about 20th segment, vagina enlarging medial to
proximal end of cirrus sac, attaining diameter of
20 to 40, and with distinct lumen. Opening in
genital atrium ventral to orifice of male duct,
vagina extending anteromediad, paralleling anterior margin of cirrus sac, then posteromediad to
seminal receptacle. Vagina functional at least as
far posterior as 42nd to 63rd segment, thereafter
persisting in mature and early gravid segments as
thin-walled tube 20 to 50 in diameter. Seminal
receptacle filled about at 40th segment; ellipsoidal,
150 to 220 long by 90 to 180 (avg. 191 by 116),
situated dorsal to poral end of ovary and usually
reaching poral margin of vitelline gland. Seminal
duct extending posteromediad from aporal end of
seminal receptacle, joining ovarian duct near middle of vitelline gland. Ovary arched, with large
posterior concavity, situated ventrally with aporal
margin near midline of mature segment; 576 to
640 wide by 240 to 320 long (avg. 589 by 276)
in late mature segments; attaining size of about
816 by 480 in post-mature segments. Vitelline
gland usually reniform, slightly lobed, 224 to 320
wide by 176 to 224 long (avg. 272 by 194) in
mature segments, situated ventrally posterior to
ovary and lying partly within posterior concavity
of latter organ. Uterus arising dorsally, forming
diffuse reticulum ventral in segment; gravid uterus
filling entire segment between excretory canals.
Cirrus sac, external seminal vesicle, and remnants
of testes persisting in gravid segments, but usually
obscured by eggs. Eggs spherical, 63 to 73 (avg.
67) in diameter, arranged in pairs within ellipsoidal matrix of clear substance. Outer membrane
of egg covered by truncated spines about 3.5 long,
1 in diameter, spaced about 2 apart (usually not
visible in permanently mounted specimens).
Embryo 17 to 19 in greater diameter; embryonic
hooks 9 to 10 long.
Type host: Northern flying squirrel, Glaucomys
sabrinus bangsi (Rhoads).
Type locality: Approximately 25 km north of
Lostine, Wallowa County, Oregon.
Habitat: Small intestine of host.
Types: Holotype, USNM Helm. Coll. No.
74380, collected on 11 May 1976; paratype, No.
74381, from flying squirrel collected at Powwatka
Ridge, Wallowa County, Oregon, on 14 March
1976.
Remarks
This cestode is named for Dr. Jack Ward
Thomas, U.S. Department of Agriculture
Forest Service, Pacific Northwest Forest and
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Range Experiment Station, LaGrande, Oregon,

who has contributed significantly to the conservation of wildlife.
From one to six specimens (average three)
of M. thomasi were found in nine of 11 flying

squirrels collected in the Blue and Wallowa
Mountains.

The two not infected

by M.

thomasi harbored the anoplocephalinecestode
Aprostatandryasciuri (Rausch 1947), hitherto
known only from the type material from the
northern flying squirrel in Wisconsin. A hy-

menolepidid cestode, to be considered elsewhere, was found in three of four specimens
of G. sabrinus oregonensis (Bachman) collected in the Coast Range of Oregon.
DISCUSSION

Taxonomic revisions of cestodes now included in the genus Monoecocestus Beddard
1914 have led in some cases to rather complex
synonymies. The genus Monoecocestus was
erected for cestodes described as M. erethizontis Beddard 1914, from a North American
porcupine, Erethizon dorsatum (Linnaeus),
that had died in the collection of the Zoological Society of London (Beddard, 1914).
Baer (1925) studied two of Beddard's specimens and determined that Monoecocestus
Beddard 1914 was a synonym of Schizotaenia
von Janicki 1905. He found also that the two
specimens represented both species of Schizotaenia then known from the porcupine, S.
americana (Stiles 1895) and S. variabilis
Douthitt 1915, and on the assumption that
Beddard's description was a composite, he
placed S. variabilis in synonymy with S. erethizontis. Although Baer remarked (1925, p. 1)
that the material studied consisted of Beddard's "types and co-types," he did not establish that the specimen of S. variabilis was
part of the series on which Beddard's description of S. erethizontis had been based. Beddard
(1914, p. 1051) had recognized that the cestode described by him was morphologically
similar to S. americana, and Chandler (1936)
concluded that the description of S. erethizontis had been based exclusively on specimens
of the former, "... whether or not there were
others mixed with them." Chandler placed S.
erethizontis in synonymy with S. americana,
thereby restoring S. variabilis to designate the
second species of Schizotaenia from the porcu-
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pine. Baer's taxonomic concept was accepted
by Rego (1961), and that of Chandler by
Freeman (1949) and Spasskii (1951). Yamaguti (1959, p. 382) listed erethizontis as a
third independent species in porcupines. In
agreement with Chandler (1936), we find no
evidence that Beddard'sdescription of S. erethizontis includes any of the morphologiccharacters of S. variabilis.
The species selected as type of the genus
Schizotaenia was Taenia decrescens Diesing
1856, from peccaries, Dicotyles albirostrisand
D. torquatus [= Tayassu albirostris (Illiger)
and T. tajacu (Linnaeus) (cf. Cabrera, 1961,
p. 316)], collected by Johannes Natterer in
Brasil. Liihe (1895) studied one of Diesing's
specimensin the collection of the Hof-Museum
in Vienna, but the redescriptionthat he provided is inadequate to permit certain generic
allocation of the cestode from peccaries.
Nonetheless, Baer (1927, p. 112) concluded
that S. hagmanni von Janicki 1904, a parasite
of the capybara, Hydrochoerus hydrochaeris
(Linnaeus), in Brasil is conspecific with S.
decrescens. Hughes (1941, p. 23) noted that
T. decrescens Diesing 1856 is a homonym of
T. decrescens Rudolphi in Creplin, 1849, and
therefore unavailable. He proposed a new
name, Schizotaenia diesingi Hughes 1941, for
this taxon, although Baer's earlier action had
made available the name S. hagmanni von
Janicki 1904 for the species described by
Diesing. In the meantime, Fuhrmann (1932,
p. 427) had rejected the generic name Schizotaenia von Janicki 1904 on grounds of homonymy, replacing it with MonoecocestusBeddard 1914, the oldest available synonym.
Contrary to the earlier conclusion by Baer
(1927), Spasskii (1951, p. 427) considered
M. decrescens to be distinct from M. hagmanni,but he retained the formerin the genus
Monoecocestus. Numerous cestodes from peccaries in Brasil have been studied by Rego
(1961), but none representedthe genus Monoecocestus. On these grounds, Rego (p. 333)
suggested that "Tayassus (Dicotyles) albirostrisseja eliminadoda relacao de hospedeiros
de Monoecocestus." If M. decrescens is excluded, all but one of the 13 species of Monoecocestus now recognized are parasites of
mammals of the order Rodentia. The exception is M. rheiphilus Voge and Read 1953,

from a rheiform bird, Pterocnemia pennata
(d'Orbigny), in Peru.
The records indicate that host-specificity is
strongly defined in cestodes of the genus
Monoecocestus. Each of the nominal species
appears to occur in hosts of a single genus
and most are known from a single species.
However, as many as three species of Monoecocestus have been described from one hostspecies (capybara and porcupine), suggesting
that the number of taxa might be reduced
when sufficient material can be studied. On
grounds of host-specificity and zoogeography,
nearctic species of Monoecocestus would not
be expected to occur in subtropicaland tropical regions, and since comparisons with the
descriptions of taxa reported from Central
and South America and Cuba have shown
that M. thomasi sp. n. is morphologicallydistinct, the eight species of Monoecocestus
known from these regions are not considered
further in the present paper.
Comparisons

Five species of Monoecocestus have been
described from nearctic rodents, viz., M.
americanus (Stiles 1895), M. variabilis
(Douthitt 1915), M. anoplocephaloides(Douthitt 1915), M. sigmodontis (Chandler and
Suttles 1922), and M. giganticus Buhler 1970.
Comparedwith M. americanus,the strobila
of M. thomasi sp. n. is of similar proportions
but much smaller. The aporal margin of the
ovary extends approximatelyto the midline of
the segment, whereas the ovary in M. americanus extends beyond the midline by about
half its width, broadly overlapping the ovary
in adjacent segments (cf. Stiles, 1896, pl. X,
fig. 7; Freeman, 1952, fig. 1). The seminal
receptacle is ellipsoidal and situated over the
poral margin of the ovary, while that in M.
americanus is spherical and lies within the
posterior concavity of the ovary, just anterior
to the poral margin of the vitelline gland.
The eggs are larger, with an average diameter
of 67 as comparedwith 61 in M. americanus.
As observed by Buhler (1970) in M. giganticus, the eggs of M. americanusare arranged
in pairs. Monoecocestus thomasi is distinguished further by differences in the dimensions and relationshipsof the various organs.
Monoecocestus thomasi has a much nar-
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rower strobila compared with that of M.
variabilis, which in our material (see below)
attained a maximum width of 13.5 mm. The
aporal margin of the ovary is near the midline of the segment, whereas the ovary of M.
variabilis is situated porally. The testes are
distributeduniformlyacross the posteriormargin of the segment, while those of M. variabilis are arranged with the majority poral
to the midline (cf. Freeman, 1952, fig. 2).
The egg is larger than that of M. variabilis,
of which the average greater diameter was
60 in our material; the eggs of M. variabilis
also are arranged in pairs. Monoecocestus
thomasi is distinguishedfurther by differences
in dimensions and proportionsof other organs.
The strobila of M. thomasi is long and relatively narrow compared with the short, somewhat wedge-shaped strobila of M. anoplocephaloides (material studied: one mounted
specimen from "pocket gopher," Colorado).
The number of segments ranged from 119 to
161, as compared with a maximum of 80 reported for M. anoplocephaloides(cf. Douthitt,
1915, p. 385). The ovary is proportionally
much smaller and situated farther porally,
while that organ in M. anoplocephaloides is
relatively very large and nearly centrally located. The egg is much larger than that of
M. anoplocephaloides,the diameter of which
Douthitt (1915, p. 389) reported to be 30 to
40; in our specimen, the average diameter of
undistorted eggs was 43.
The strobila of M. thomasi is larger and
more muscular than that of M. sigmodontis
(materialstudied: one mounted specimen from
Sigmodon hispidus Say and Ord, Ruskin,
Florida). Chandler and Suttles (1922) reported that the strobila of M. sigmodontis attains a length of 65 mm, with a maximum of
90 segments; our specimen was 74 mm long,
with 108 segments. The cirrus sac of M.
thomasi is relatively smaller and its proximal
end is widely separatedfrom the poral margin
of the ovary, whereas that of M. sigmodontis
extends anteromediadalong the poral margin
of the much larger, more porally situated
ovary. The vitelline gland is relatively small
and reniform, while that of M. sigmodontis is
large and round. The ovary and testes do not
extend so far anteriad in the segment as do
those of M. sigmodontis. The egg of M. sig-

modontis is smaller, with diameter ranging
from 47 to 53 (Chandler and Suttles, 1922).
With M. americanus and M. variabilis, M.
giganticus is the third species of Monoecocestus described from the porcupine. Two
paratypesof M. giganticus, USNM Helm. Coll.
No. 63230, were kindly lent by Dr. J. Ralph
Lichtenfels. These were compared directly
with cestodes from porcupines collected as
follows (numbers of specimens are given in
parentheses): M. variabilis-St. Andrews,
New Brunswick, H. J. Van Cleave Collection
No. 3897 (3); Mile 52, Glenn Highway, southcentral Alaska, 13 V 1963 (4); Little Susitna
River, south-centralAlaska, 24 III 1957 (4).
M. americanus-Anchorage, Alaska, 15 III
1950 (9); 2 miles east of Anchorage, 26 XI
1955 (27); Mile 22, Glenn Highway, 13 V
1963 (1); Little Susitna River, 24 III 1957
(3 and 2); 2 miles south of Summit Lake,
Alaska Range, 23 VII 1964 (4); 1 mile north
of Aggie Creek, Seward Peninsula, Alaska, 18
VII 1966 (1); and Saskatoon, Saskatchewan,
18 IX 1962 (leg. J. Pitchko) (2). Mixed infections of the two species were found in two
porcupinesin Alaska. Comparisonswere made
also with Freeman's (1949) detailed descriptions of these cestodes.
In differentiating M. giganticus, Buhler
(1970) referred to the descriptions of M.
americanus and M. variabilis in Spasskii
(1951), taken from the monograph by Baer
(1927). Monoecocestus giganticus was distinguished from its congeners in porcupines
mainly on the basis of size of strobila,number
and distributionof testes, and lack of a functional vagina. The five cestodes studied by
Buhler ranged from 139 to 203 mm in length,
as compared with lengths of 20 and 33 mm
for M. erethizontis (= M. variabilis) and M.
americanus, respectively, according to Baer
(1927). Freeman (1949) reported that the
latter attained lengths of 174 and 270 mm,
respectively. In our material, maximum
lengths were 68 mm for M. variabilisand 215
mm for M. americanus. Concerningthe testes
in M. giganticus, Buhler (p. 243) observed
"Twenty to 40 . . . , 90-130 in diameter, arranged in posteriorlateral fields, separated by
ovary, extending to osmoregulatory canals."
In the paratypes, however, we found that the
testes extended dorsally uninterruptedlyacross
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the ovary and that their distributionwas like
that in M. americanus. We were unable to
make an exact count of the testes, but found
that the number exceeded the reported maximum of 40. Freeman (1949) reporteda range
of 50 to 103 testes per segment in M. americanus.
ConcerningM. giganticus, Buhler stated (p.
245) that "The vestigial vagina in immature
proglottids does not open to the outside at
any time. .. ," and he concluded that fertilization occurred by means of hypodermic impregnation. As was described by Freeman in
M. americanus,we found in the paratypes of
M. giganticus that the vagina opened into the
genital atrium in immature segments, that a
genital pore was present, and that the vagina
could be traced from the atriumto the seminal
receptacle. Moreover, at least portions of the
vagina were visible in mature segments. After
tracing the formation of the genital atrium
and associatedstructures,we conclude that the
vagina is functional, and that the process of
insemination in Monoecocestus spp. does not
differ fundamentallyfrom that in other anoplocephaline cestodes. The pattern of development of the genital atrium was identical in
the species of Monoecocestus studied by us.
In early immature segments, in which the
componentstructuresof the cirrus sac had not
yet differentiated,the genital atrium was first
visible as a minute cavity at the poral end of
the cirrussac, medial to the segmental margin.
Posteriad, the anteroposteriordiameter of the
cavity increased progressively, and at the
same time the poral wall of the atrium approached the segmental margin. By the time
the cirrus sac contained a fully developed
cirrusand the vagina could be traced from the
still empty seminal receptacle to its opening in
the atrial fundus anteriorto the orifice of the
male duct, the genital atrium had attained
near-maximumsize and its lumen was covered
laterally by only a thin layer of tissue (cf.
Fig. 6), which was frequently found to bulge
outward over the atrial lumen. Immediately
thereafter, in the following segment, the external opening appeared, and inseminationoccurred, as indicated by the distension of the
seminal receptacle by spermatozoa in such
segments. Douthitt (1915, p. 386) discussed
the formation of the atrium in M. anoplo-

cephaloides, although he did not relate his
observationsto insemination.
As did Buhler (1970, fig. 4), we found in
one of the paratypesof M. giganticus that the
cirrus in mature segments had perforated the
posterior wall of the genital atrium, but we
consider this to be an anomalouscondition unrelated to the process of insemination. Freeman (1949, p. 608) reported that a functional
vagina was usually present in M. americanus
in the 5th to the 10th segment posteriorto the
scolex, but he did not indicate the size (length
of strobila) of specimens on which this observation was made. In the largest of our specimens of M. americanus (strobilae ca. 200 mm
long), the initial cavity of the genital atrium
was first visible in the 18th or 19th segment,
and opening of the genital pore with insemination occurred in the 30th to 33rd segment.
In the paratypes of M. giganticus, insemination had occurred in the 28th and 29th segments, respectively. However, the genital
atrium and associated structures developed
more rapidly in small strobilae of M. americanus. In the intestine of a porcupinecollected
near Anchorage, on 26 November 1955, 1165
specimens of this cestode were found, with
individuals ranging in length from 4 to about
45 mm. Fully developed eggs were present
in a strobila only 25 mm long, with 56 segments. In smaller strobilae, none of which
contained mature segments, the genital pore
was patent and the seminal receptacle filled
in the 6th to 13th segment posterior to the
scolex. A specimen 5.8 mm long, with only
19 segments, had a patent genital pore in the
11th segment and insemination had occurred
(cf. Fig. 6). In the other nearctic species of
Monoecocestus, patency of the genital pore
and a filled seminal receptacle were noted as
follows: M. variabilis, 13th to 24th segment;
M. thomasi, 33rd to 46th segment; M. sigmodontis (one specimen), 56th segment; M.
anoplocephaloides (one specimen), 21st segment.
Concerning at least the nearctic species of
Monoecocestus, we conclude that insemination takes place only by way of the vagina in
segments in which neither the male reproductive organs nor the ovary are yet functional. The sequence of development of the
genital organs indicates that self-fertilization
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does not occur in individual segments, and
would seem to favor cross-fertilization between
strobilae. However, in specimens of M. sigmodontis and M. thomasi (one each) that occurred singly in the host, the filled seminal
receptacles indicated insemination by mature
segments of the same strobila. Since no increase in the size of the seminal receptacle
after its initial filling by spermatozoa was
noted in any of the cestodes studied, it appears that a single copulation may serve to
inseminate each segment. An entire mounted
specimen of M. americanus demonstrating the
morphologic characteristics described above
has been deposited in the USNM Helm. Coll.
No. 74382.
On the basis of these findings, we conclude
that M. giganticus does not differ from M.
americanus in any characters considered to
have taxonomic significance, and that M.
giganticus Buhler 1970 is thus a synonym of
M. americanus (Stiles 1895).
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